histogram of the appearance of the wire diameters shows peaks of the numbers of atoms discretely at seven, eleven, thirteen, fourteen and so on. The difference of numbers of atoms on the outermost shell and that on the next outermost one is seven, called "magic number", except cases of five and seven atoms on the outermost shell. Platinum nanowires have the same type of helicity, (3) and, therefore, the helical multishell structure is generic for metals of a certain class. Both classical and quantum mechanical molecular dynamics (MD) simulation studies and the first principles electronic structure calculations have been achieved and the stability and string tension were studied. (4, 5, 6, 7, 8) But no systematic explanation has been given on the formation of the helical nanowire with the magic number.
Here, we propose a two-stage model of formation of multishell helical nanowires, the helicity and the magic number. In the ideal (110) fcc nanowire of stacking (110) sections, there are atom rows parallel to the [110] axis, and we see the multishell structure with no helicity.
In Fig. 1(a) , three structures of the ideal fcc (110) nanowires, 6-1, 10-4, and 12-6, are shown, where the index stands for the number of atoms on the lateral atom row on the outermost shell, that on the next and so on. The structure of these ideal model nanowires satisfies two conditions: (a) there is no acute angle on the surface, and (b) there is no (001) face with a side longer than that of any (111) face. The condition (a) originates from requirement of diminishing surface tension, and (b) from that of shortening the (001) side length since the surface energy of a (001) surface is higher than that of (111).
The outermost shell should be transformed into a (111) sheet. There are (001) faces on the outermost shell of ideal nanowires and slips of atom rows are necessary to diminish the (001) faces into (111) faces. Before slip of an atom row, the outermost shell should be separated from the inner shell to move freely and atom rows along (110) might be inserted into the outermost shell (Stage 1). When we put one atom row, the distance between atoms on the outermost shell and the center is longer than the nearest neighbor distance. Therefore, in case that the inter- Fig. 2(c) ), where no surface reconstruction is observed at 600 K.
A typical time evolution of MD simulations is shown in Fig. 3 for the 11-4 nanowire ( Fig. 2(b) ) at 600 K. See also the supplementary movie. The atom A in Fig. 3 , which is on the (111) face and also the nearest neighbor of atoms on the (100) face (e.g. the atom B), dissociates from the inner shell before the first 500 MD step (Stage 1). Then, the surface atoms can We study the change of the electronic structures during the surface reconstruction with the slip of an atom row and the introduction of the helicity. Fig. 4(a) top) . The local energy of yz-orbital increases since the orbital extents perpendicularly to the wire surface and the neighbor distance increases along this direction (not shown). The local energy of xy-orbital decreases (Fig. 4(a) middle) . Then the energy loss and gain of the d-orbitals almost cancel with each other and the net change of the local energy of the atom A is mainly due to that of the s-orbital (Fig. 4(a) bottom) . In Fig. 4 (b) , we present LDOS of the atom C, on the edge of two (111) After all, actual dissociation is governed by the competition between the s-orbital energy Figure 3 : Temperature driven MD development of the total energy and the atomic configuration of the 11-4 nanowire at 600 K. Notice that the MD steps of the horizontal axis is in the logarithmic scale and one MD step is 1 fs. Red, blue, purple, and green atoms are named A, B, C, and D respectively. Within 500 MD step, the atom A was disassociated from inner shell. Between 2,000 and 5,000 MD step, the slip between the atom B and D brought the surface reconstruction, and (001) face becomes (111) face. The change of LDOS of the atom B, on the edge of the (111) and (001) faces, in Stage 2 is depicted in Fig. 4 (c) by using the local coordinate system that x axis is the nanowire axis [110] and y axis is lateral [110] . The local energy of the s-orbital decreases since the coordination number of the atom B increases from seven to eight (Fig. 4 (c) top) . The local energy in the xy-orbital also decreases since the face transforms to (111) and is flattened (Fig. 4 (c) middle) .
Here, the slip deformation is essentially important since it widens the area of the (111) and the present theory explains why platinum nanowire can be also formed with helicity. The present mechanism is concerned not only with nanowires but also with the bulk surface, e.g. the
